Abstract
Introduction

Microsurgical transfer of free myocutaneous flap-tissue has become a standardized technique in plastic and reconstructive surgery because of improvements of surgical techniques. Tissue engineering made impressive advances in the recent years.
However, reconstructive microsurgery so far represents the most efficient approach to close large or complex tissue defects of the human body [1] [2] [3] [4] [5] [6] [7] . Indications for reconstructive procedures are multiple and have to be weighed on an individual basis. In spite of enormous advances in this field, the rate of flap failure is still 2-10% of all operations. Up to 25% of the transferred flaps even have to be revised because of complications [8] [9] [10] . According to Karsenti et [11] .
For further increasing the success rates of free tissue transfer, a variety of drugs are applied to optimize rheology, ischaemic tolerance and prevent thrombosis of microsurgical anastomoses. However, there is no evidence-based treatment algorithm available at the moment [9] as in other medical fields [12, 13] .
Further advances in the field of free myocutaneous tissue transfer and higher success rates require a fundamental knowledge of the molecular processes taking place in the flap tissue during surgery. Currently, the knowledge of these processes is still very limited or findings are often based on animal models only [14, 15] . [16] [17] [18] (Fig. 1) .
Skeletal muscle tissue, in comparison with other body tissues, rarely tolerates longer periods of ischaemia and it has been found that apoptosis and even necrosis occur following ischaemia and reperfusion
The objective of this study is to examine the regulatory processes on a cellular and molecular basis that proceed in the free flap during the normoxic, ischaemic and reperfusion phases of surgery. Because of the fact that an essential part of ischaemiareperfusion injury can be attributed to the processes at work during the reperfusion phase, this phase deserves particular interest [19] . Pro-inflammatory proteins such as Interleukin-1 or TNF-␣, which are crucial for triggering systemic inflammatory reactions, are noticeably important. In terms of apoptosis, Caspase-3 is an important molecule as it connects the extrinsic and intrinsic signalling pathways (Fig. 2) . Beyond that, the expression of proliferating cell nuclear antigen (PCNA) -which acts as processivity factor for DNApolymerase -shall be analysed as an indicator of cell proliferation processes (Fig. 3) 
DNA-microarray
Isolation of RNA for microarray
The isolation of RNA from the muscle samples was performed by employing the TRIZOL-method corresponding to the instructions of Chomczynski and Sacchi 1987 [20] . 
RNA quality control
DNA-microarray
Interpretation of microarray analysis
normoxia (I), ischaemia (II) and reperfusion (III). The results of the analysis of DNA-microarray data were then compared with each other in groups to detect differences in gene expression patterns during the different stages of surgery. This resulted in three comparisons based on groups: ischaemia (II) versus normoxia (I), reperfusion (III) versus ischaemia (II) and reperfusion (III) versus normoxia (I).
Statistical analysis
Isolation of RNA
The lysis of the 100 g tissue samples was performed by using Qiazol (Qiagen, Hilden, Germany). Afterwards, the samples were homogenized mechanically. The additional steps required for RNA-isolation were performed according to the handbook of the RNeasy Fibrous Tissue Mini Kit (Qiagen) and as published previously [21] .
Quality control
The integrity of the isolated RNA was tested with gel electrophoresis of RNA and afterwards, RNA-purity and RNA-yield were determined using photometry. 
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Fig. 2 Extrinsic and intrinsic apoptotic signalling, inflammatory response via IL-1 and TNF-␣.
Patient Gender
Synthesis of cDNA
The sample-RNA was transcribed into cDNA by using the protocol of the Omniscript RT Kit (Qiagen). 
Real-time-quantitative-PCR
Results
DNA-microarray
As can be seen in Table 3 The Volcano-Plot in Figure 4 exemplarily illustrates the distribution of P-values against the logarithmical fold-change for the 
in comparison with reperfusion (III) versus normoxia (I). Tables 4-6 show -for each comparison in groups -10 differentially expressed genes that were up-or down-regulated during various conditions. The genes were positioned based on their foldchange. Comparing ischaemia (II) versus normoxia (I) samples, a gene fold-change of ϩ2 represents a double expression of the specific gene in the normoxic (I) sample. In contrast, a gene foldchange of Ϫ2 represents a double expression of the specific gene in the ischaemic (II) sample. The comparison of ischaemia (II) versus normoxia (I) adduced an up-regulated expression of ATF 3, BTG 2, NFIL3, PLAUR, HBEGF, SAT1, EGR2, BCL3 in ischaemic (II) samples and of PKN2 and SNRK in the normoxic (I) samples. Comparing reperfusion (III) versus ischaemia (II) GPR65, FCGR1B, FCN1, LILRB1, LYZ, BID, CCR2, MST4 and LTBR were up-regulated in reperfusion (III) samples, and JUN was up-regulated in ischemic (II) samples.
The highest number of differentially regulated genes could be seen in contrasting reperfusion (III) versus normoxia (I). The genes PLAUR, SLC2A3, IL-8, S100A9, S100A8, MAFF, NFIL3, BID, HBEGF and Caspase 8 were strongly up-regulated in the reperfusion (III) samples. Table 7 gives an outline of those up-regulated genes that may be of great importance for adaptation of tissue towards ischaemia and reperfusion.
Real-time-quantitative-PCR
The gel electrophoresis of DNA in (Fig. 5) (Fig. 9) [27, 28] . The increased expression of PLAUR therefore appears to be one of the key processes that are necessary for the regeneration and reorganization of muscle tissue after longer periods of ischaemia. [29, 30] . Among these pro-apoptotic genes -identified via DNA-microarray -was Caspase-8, which is essential for apoptosis via the extrinsic pathway (Fig. 2) (Fig. 2) [35] [36] [37] [39] . Table 6 [40] . Previously, it could be shown, that a significantly elevated concentration is measurable in blood plasma after 3-4 hrs of reperfusion [41] . Even in human myocardium elevated levels of IL-8 could be detected as markers of ischaemia causing inflammation [42] .
exemplarily illustrates the results of real-time-quantitative-PCR for patient one. In all tested genes, an up-regulation on RNA level from normoxia (I) over ischaemia (II) and following reperfusion (III) was detectable. Figure 6 shows the alterations of relative gene expression of Caspase-8 (A), Interleukin-8 (B), PLAUR (C) and S100A8 (D).
Fig. 4 Volcan plot of the comparison between reperfusion and normoxia; x-axis: fold-change on logarithmical scale; y-axis: P-values on logarithmi-
Discussion
By performing quantitative real-time-quantitative-PCR, we could confirm the results of the DNA-microarray analysis in most instances. A noticeable up-regulation of plasmin-activator urokinase receptor (PLAUR) could be detected by DNA-microarray and confirmed by real-time-quantitative-PCR both for ischaemia (II) and for reperfusion (III) compared to normoxia (I). PLAUR is part of the plasmin-activating system, which is linked to the surface of cellular membranes
The augmented expression of pro-apoptotic genes -such as Caspase-8, BID and Interleukin-8 -in reperfusion samples (III) is suggestive of apoptotic processes in muscle tissue after a period of ischaemia and reperfusion. Apoptosis can either be initiated by an extrinsic or an intrinsic signalling pathway
Data provided by DNA-microarray and real-time-quantitative-PCR indicate that the production of pro-inflammatory cytokines -as IL-8 -is modestly increased during ischaemia (II) (Figs 5 and 6B), but strongly increased in reperfusion (III), as can be seen in
The genes S100A8 and S100A9 are known to be indicators of inflammatory reactions [43] . The induction of these two genes by excessive physical exercise was described by Mortensen et al. [44] . This work is the first to demonstrate -using DNA-microarray (Table 6 ) and RT-PCR (Fig. 6D) [45] . Recently the availability of GLUT-3 human skeletal muscle tissue was proven [46] . An increase of expression of GLUT-3 in hypoxic and ischaemic conditions has already been demonstrated in neuronal tissue [47] . [48, 49] . Furthermore, it is being discussed whether it is involved in regulating the cell cycle arrest by binding to the promoter of Cyclin D1 [50] .
The expression of activating transcription factor 3 (ATF3), a member of the family of ATF/CREB genes, was up-regulated in the ischemic samples (II) in comparison with normoxic samples (I). This pro-apoptotic gene is efficiently inducible under conditions of cellular stress, like hypoxia
The up-regulation of heparin-binding EGF-like growth factor (HBEGF) in ischaemia (II) and reperfusion (III) compared to normoxia corresponds to the results other surveys found in samples of rat brain [51, 52] . It is assumed that HBEGF has a protective effect on ischemic tissue [53] . Although HBEGF induces the expression of important angiogenic factors, no angiogenic effects on ischemic skeletal muscle could be detected [54, 55] . 
